ABSTRACT Stink bugs (Hemiptera: Pentatomidae) cause signiÞcant damage to many different crops and horticultural commodities in Virginia. However, little is known about the species diversity or impact of stink bug egg parasitoids in the state. A survey was conducted in 2005 and 2006 (May through September) in wheat (Triticum aestivum L.), soybean (Glycine max L.), and several vegetable crops by collecting natural egg masses of various stink bug species and by monitoring sentinel egg masses. A total of 570 Euschistus servus (Say) eggs in 26 egg masses, 11,197 Murgantia histrionica (Hahn) eggs in 939 egg masses, 15 Podisus maculiventris (Say) eggs in 2 egg masses, and 546 Acrosternum hilare (Say) eggs in 18 egg masses were Þeld collected and returned to the laboratory, where emerging parasitoids were identiÞed to species. In addition, 2,512 laboratory-reared E. servus eggs and 230 P. maculiventris eggs were placed as sentinels into crop Þelds and collected after 7 d, and parasitoid or stink bug emergence was recorded. Four species of hymenopteran parasitoids in the family Scelionidae were recovered from stink bug eggs: Telenomus podisi Ashmead, Trissolcus basalis Wollaston, Trissolcus edessae Fouts, and Trissolcus euschisti Ashmead. In addition, one parasitoid in the family Mymaridae (Hymenoptera) was recovered. Parasitism rates were highest in E. servus with 89.7 and 49.2% of egg masses and individual eggs parasitized, respectively. The predominant parasitoid species was T. podisi.
In southeastern Virginia, pyrethroid insecticides are most commonly used against stink bugs, but other options for control are being explored, such as organic pesticides and biological control. With these methods, natural enemies are important in managing pest populations and reducing damage to the commodity. For example, the egg parasitoid Trissolcus basalis Wollaston (Hymenoptera: Scelionidae) has proven effective against southern green stink bug, Nezara viridula L., in soybean (McPherson and McPherson 2000, Ehler 2002) .
Before developing biological control strategies against E. servus, A. hilare, or M. histrionica , it is important to know what natural enemies are currently limiting stink bug populations in the region. Natural enemy surveys have been conducted in South Carolina (Jones et al. 1996) , Kentucky (Yeargan 1979) , Louisiana (Orr et al. 1986 ), Florida (Temerak and Whitcomb 1984) , Washington (Krupke and Brunner 2003) , and California (Ehler 2002) . In these studies, parasitoids such as Telenomus podisi Ashmead, T. basalis, and Trissolcus edessae Fouts have been collected from stink bug eggs. Information on stink bug natural enemies in the Mid-Atlantic region is very limited; however, a survey for M. histrionica in southwestern Virginia has been reported (Ludwig and Kok 1998) . Thus, this research was conducted to determine species composition of parasitoids and rates of egg parasitism for common stink bug species in southeastern Virginia in crops where stink bug pest species are commonly encountered.
Materials and Methods
This study was conducted in 2005 and 2006 from May through September using the identical procedures each year. Any commodities known to harbor the four stink bug species in VirginiaÕs complex, E. servus, A. hilare, M. histrionica, and P. maculiventris, were used. To detect the presence of parasitoids, naturally occurring egg masses were collected, and sentinel egg masses of E. servus and P. maculiventris were placed in the Þeld. Egg masses of E. servus were obtained from a laboratory colony, whereas egg masses of P. maculiventris were obtained from Biocontrol Network (Brentwood, TN).
To produce sentinel eggs in captivity, adult Þeld-collected stink bugs were held in the laboratory in a growth chamber (24.4ЊC, 85% RH, 14:10 [L:D] h) in 30 (length) by 17 (width) by 8-cm (height) plastic containers containing a substrate (Viva scrub cloths; Kleenex, Neenah, WI) for oviposition. They were fed snap bean (P. vulgaris L.) pods and raw peanut kernels (Arachis hypogaea L.) and were provided with cotton pads soaked in distilled water. Containers were checked daily, and newly laid egg masses were removed and stored in a 9-cm-diameter petri dish in a growth chamber (24.4ЊC, 85% RH, 14:10 [L:D] h) until they were taken to the Þeld the next day.
Sentinel egg masses were brought to a variety of commercial Þelds, of different sizes, which were previously untreated with insecticides. Egg masses, still attached to their substrate, were pinned to stems or to the midvein on the undersides of leaves of host plants. Masses were pinned at the top of stem or to leaves located at the apex of the plant. These plants were located along the perimeter of crop Þelds, and were Ϸ15 m apart. After 1 wk, masses were returned to the laboratory and kept in a 9-cm-diameter petri dish, in a growth chamber separate from the stink bugs, but with the same laboratory environmental conditions. They were observed daily and the emergence of egg parasitoids or stink bug nymphs was noted. Predation was scored once (noted for recognizable remains) at the time the eggs were collected from the Þeld.
Field-collected egg masses were also observed for evidence of parasitism. Wheat (Triticum aestivum L.) was surveyed for stink bug eggs in late May and early June, during the heading stage. Potato (Solanum tuberosum L.) was surveyed in June, from the ßowering to postßow-ering stage, and vegetables were surveyed during their fruiting stages in July and August. Collards (Brassica oleracea L.) were surveyed during the vegetative stage in early August and corn (Zea mays L.) during the reproductive stage in early July. Soybean was surveyed during the pod stages, R3ÐR5, in late July and throughout August. Plants were visually inspected for egg masses throughout the Þeld sites; plants along the margins and in the interior of the Þelds were inspected for a period averaging 2Ð3 h. The handles of sweep nets were used to turn over leaves for inspection. Masses were clipped from the leaf or stem, when found, and returned to the laboratory. They were placed on moistened Þlter paper in a 9-cm-diameter petri dish and placed in a growth chamber (24.4ЊC, 85% RH, 14:10 [L:D] h) where daily observations were made as described above, with sentinel eggs.
Data for 2005 and 2006 were organized using tables as presented by Yeargan (1979) and Orr et al. (1986) , with percent parasitism calculated for egg masses and individual eggs. Furthermore, emerging parasitoids were preserved in vials Þlled with 80% ethyl alcohol and were sent to a taxonomist for initial identiÞcation and archival as voucher specimens in that facility (T. P. Nuhn [Scelionidae], Systematic Entomology Laboratory, USDAÐARS, Beltsville, MD). Subsequent specimens were identiÞed to species using taxonomic keys (Johnson 1984a (Johnson , b, 1985a , and more voucher specimens were sent to E. Day at the Virginia Tech Insect IdentiÞcation Lab (Blacksburg, VA).
Logistic regression of binomial response variables was performed (procgenmod; SAS Institute 2002Ð2003) to determine whether there were signiÞcant differences in parasitization rates between different host species and host crops. Contrast statements were also used to compare pairs of crops and host species. In many cases, the scale parameter was Þtted to account for overdispersion using the pscale option. Thus, in cases where Proc Genmod indicated a high pscale value, P values were used to interpret results. Only two stink bug species, E. servus and P. maculiventris, were available in sufÞcient numbers to be used as sentinel species. A total of 2,512 E. servus eggs contained in 101 egg masses were placed in wheat, potato, squash (Cucurbita maxima L.), corn, and soybean Þelds (Table 2) . Of those, 239 eggs in 16 egg masses were completely lost to unknown causes. In addition, 230 P. maculiventris eggs in 12 egg masses were placed in wheat, and of those, 44 eggs in three masses were lost. In both years, all parasitoids collected from these two species of sentinel eggs were identiÞed as T. podisi (Scelionidae: Hymenoptera). The highest percent parasitism of E. servus eggs was 88.9% of surviving individual eggs (Table 2 ) and 87.5% of egg masses in potato (Table 3) . Evidence of predation was found in E. servus eggs placed in wheat and soybean and in the eggs of P. maculiventris.
Results

Of
Parasitization of E. servus eggs was signiÞcantly different between corn and wheat (F ϭ 11.45; df ϭ 1,6; P ϭ 0.0148), corn and squash (F ϭ 7.34; df ϭ 1,6; P ϭ 0.0351), wheat and squash (F ϭ 43.57; df ϭ 1,6; P ϭ 0.0006), and squash and soybean (F ϭ 23.71; df ϭ 1,6; P ϭ 0.0028). Because potato has a higher rate of parasitization than corn, it is assumed that the parasitization of E. servus eggs in potato is also signiÞcantly different from wheat and squash.
Naturally Occurring Eggs. Four species of stink bug eggs were found on a variety of plants, including squash, soybean, corn, potato, wheat, collards, cotton, pepper, a basswood tree (Tilia americana L.), cucumber, and eggplant. A total of 570 E. servus eggs in 26 egg masses, 15 P. maculiventris eggs in 2 egg masses, 546 A. hilare eggs in 18 egg masses, and 11,197 M. histrionica eggs in 939 egg masses were recovered (Table 4 ). The highest rate of parasitization for individual eggs was 100% of 93 E. servus eggs recovered in collards and 12 E. servus eggs in pepper. As was the case with sentinel eggs, T. podisi was the only parasitoid identiÞed from E. servus and P. maculiventris host eggs.
Three Trissolcus species, T. basalis, T. edessae, and T. euschisti Ashmead, were identiÞed as parasitoids of A. hilare eggs. Of these, the former two parasitized a combined total of 55.9% of the individual eggs and 50% of egg masses on the basswood tree. The latter species alone parasitized 68.1% of individual eggs and 50% of There were no signiÞcant differences in parasitization rates between the different crops in which stink bug speciesÕ host eggs were found, except between those with 0% parasitization or any parasitization at all.
Predation was also noted among the sentinel egg masses (Tables 2 and 4 ). There was only a small percentage of this relative to parasitization on E. servus eggs, but a greater amount on P. maculiventris. Although no predators were captured and identiÞed, examination of the eggs suggests one or more chewing species.
Discussion
These results suggest that there is a high percentage of stink bug egg parasitization in southeast Virginia, which, before this study, was unknown in the region. Virginia has a different stink bug complex than states where parasitoid surveys have been reportedÑmost notably, N. viridula is absent. Despite this, egg parasitoids were the same as those reported in other studies. Euschistus servus was host to T. podisi and T. basalis, and A. hilare was host to different Trissolcus species, which was also the case in Louisiana (Orr et al. 1986 ). In addition, P. maculiventris is reported as a host for T. podisi only in Virginia and Kentucky (Yeargan 1979) . The same parasitoid species were also re- ported from South Carolina and Virginia on E. servus and A. hilare (Jones et al. 1996) . Furthermore, in these four states, the same species of Telenomus and Trissolcus parasitoids were found. There were some instances where more than one species of parasitoid was recovered from eggs in a given host crop. A. hilare egg masses recovered from basswood were parasitized by both T. basalis and T. edessae. In a 2007 parasitoid survey (A.L.K., unpublished data), T. basalis was a novel parasitoid found to be parasitizing E. servus eggs in beans, corn, and soybean, along with the previously found T. podisi. Also in 2007, T. edessae was found with T. basalis emerging from M. histrionica eggs in collards. Although more than one species emerged from the same host species in one crop, only one species emerged per individual egg mass. In southwestern Virginia, M. histrionica was parasitized by Trissolcus murgantiae Ashmead (T. brochymenae Ashmead) and the encyrtid Ooencyrtus johnsoni Howard (Ludwig and Kok 1998) .
The greater percent predation of P. maculiventris eggs may, in part, be related to the small percent parasitization and prevalent weather. At the time the sentinel eggs were placed in the Þeld, there was heavy subsequent rainfall. This led to a quarter of the egg masses being lost. Thus, it might have been more difÞcult for parasitoids to follow semiochemicals to their hosts, leaving eggs exposed to predation for longer periods.
There is a great deal of egg parasitism in southeast Virginia, suggesting that biological control of stink bugs could be encouraged in local integrated pest management (IPM) practices. The conservation of naturally occurring parasitoids could be accomplished through changing the timing of insecticide sprays or choosing insecticides that are less harmful to beneÞ-cials, although more research is needed to determine the efÞcacy of locally used pesticides on parasitized stink bug eggs. EfÞcacy data would provide farmers and growers with information on which sprays could be best integrated with a biological control program to kill pest species but not beneÞcials in parasitized eggs. The use of such "soft" insecticides to manage nymph and adult stink bug populations, combined with stink bug egg parasitoids thriving naturally in the Þeld, could be a good combination for an IPM program in southeast Virginia.
